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(54) IMAGE PROCESSING METHOD AND DEVICE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform the image 
processing with excellent color reproducibility without 
generating the paint~out of colors or the like in an image 
processing method and device for applying a color 
emphasis processing to image data. 
SOLUTION: The image data S showing color images are 
converted into the density data D of RGB by referring to 
an LUT 6 in a density conversion means 1. The density 
data D are converted into exposure density data ED by 
referring to the LUT 7 showing the relation of a density 
and an exposure density in an exposure density 
conversion means 2. For the exposure density data ED, 
the image processing including the color emphasis 
processing is executed in an image processing means 3. 
Since the exposure density data ED become completely 
gray when the density data of RGB are equal, gray is 
preserved before and after the image processing. 
Processed exposure density data ED' obtained in the 
image processing means 3 are converted into processed 

density data D' by referring to the LUT 7 in an exposure density inverse conversion means 4 
and converted into processed image data S' by referring to the LUT 6 in a density inverse 
conversion means 5. 
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* NOTICES * 



Japan Ratent Office is not responsible for any 
damages ^caused -by the use of this translation. 



1 This tlocument has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] In the image-processing method of performing the predetermined image processing 
which includes color emphasis processing to color picture data The concentration data of each 
color in the aforementioned color picture data are changed into exposure density data based on 
the characteristic curve showing the relation between concentration and exposure density. The 
image-processing method characterized by performing the aforementioned predetermined image 
processing to these exposure density data, obtaining processed exposure density data, changing 
these processed exposure density data into processed concentration data based on the 
aforementioned characteristic curve, and obtaining processed color picture data. 
[Claim 2] The image-processing method according to claim 1 characterized by using the 
characteristic curve showing the relation of the exposure density and concentration which have 
the same spectral distribution as the lighting light at the time of acquiring the picture expressed 
by the aforementioned color picture data as the aforementioned characteristic curve. 
[Claim 3] The image-processing method according to claim 1 characterized by using the 
characteristic curve which expresses the relation of the exposure density and concentration in 
the aforementioned photograph process as the aforementioned characteristic curve when the 
aforementioned color picture data are color picture data obtained in photograph process. 
[Claim 4] The image-processing method of three given in any 1 term from the claim 1 
characterized by performing the aforementioned color emphasis processing based on the 
following formula. 
[Equation 1] 
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[Claim 5] The image-processing method of three given in any 1 term from the claim 1 
characterized by performing the aforementioned color emphasis processing based on the 
following formula. 
[Equation 2] 
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[Claim 6] The image processing system which performs the predetermined image processing 
which includes color emphasis processing to the color picture data characterized by providing 
the following An exposure density conversion means to change the concentration data of each 
color in the aforementioned color picture data into exposure density data based on the 
characteristic curve showing the relation between concentration and exposure density An 
image-processing means to perform the aforementioned predetermined image processing to 
these exposure density data, and to obtain processed exposure density data An exposure 
density inverse transformation means to change these processed exposure density data into 
processed concentration data based on the aforementioned characteristic curve, and to obtain 
processed color picture data 

[Claim 7] The image processing system according to claim 6 characterized by using the 
characteristic curve showing the relation of the exposure density and concentration which have 
the same spectral distribution as the lighting light at the time of acquiring the picture expressed 
by the aforementioned color picture data as the aforementioned characteristic curve. 
[Claim 8] The image processing system according to claim 6 characterized by using the 
characteristic curve which expresses the relation of the exposure density and concentration in 
the aforementioned photograph process as the aforementioned characteristic curve when the 
aforementioned color picture data are color picture data obtained in photograph process. 
[Claim 9] The image processing system of eight given in any 1 term from the claim 6 
characterized by performing the aforementioned color emphasis processing in the 
aforementioned image-processing means based on the following formula. 
[Equation 3] 
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[Claim 1 0] The image processing system of eight given in any 1 term from the claim 6 
characterized by performing the aforementioned color emphasis processing in the 
aforementioned image-processing means based on the following formula. 
[Equation 4] 
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[Translation done.] 
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* NOTICES * 

Japan Ratent Office is not responsible for any 
damages 'caused '^by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the image-processing 
method and equipment which perform color emphasis processing for raising saturation etc. to the 
color picture data showing a color picture. 
[0002] 

[Description of the Prior Art] When performing color emphasis processing of raising saturation to 
the digital image data showing the general color picture containing color photography, generally 
performing a matrix operation to the data value (concentration) of the picture finally acquired is 
performed as a simple method. When performing such a matrix operation, depending on the 
saturation of a picture, and the grade (coefficient of a matrix) of a saturation rise, the 
concentration (for example, negative concentration) which cannot exist actually in the picture 
acquired after an operation may arise. In order to avoid such a phenomenon, concentration- 
control processing (clipping processing) is performed so that it may fit in the density range which 
the concentration of a picture can reproduce to the picture after an operation. And it can store 
in the density range which can reproduce the picture finally acquired by performing such 
concentration-control processing. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if concentration-control processing which 
was mentioned above is performed, the fault that a jump of the color from which the highlight 
section, the shadow section, or the high saturation section in a picture becomes uniform 
concentration or a uniform color, and the unnatural portion to which it was crushed, or ****** 
and others arose, and the reappearance force of a color fell in the picture reproduced will arise 
will occur. 

[0004] Moreover, when performing image processings, such as sharpness emphasis for the 
improvement in image structure not only to the color image processing mentioned above but a 
color picture, or when color-gamut mapping of color-gamut compression or extension was 
performed between different media, there was fault that the unnatural portion to which the 
reappearance force of a color fell in the picture reproduced similarly arose. 

[0005] It aims at offering the image-processing method and equipment which can perform image 
processings mentioned above to color picture data, such as color emphasis and sharpness 
emphasis, without making this invention in view of the above-mentioned situation, and reducing 
the reappearance force of a color. 
[0006] 

[Means for Solving the Problem] In the image-processing method of performing the 
predetermined image processing in which the image-processing method by this invention 
includes color emphasis processing to color picture data The concentration data of each color in 
the aforementioned color picture data are changed into exposure density data based on the 
characteristic curve showing the relation between concentration and exposure density. It is 
characterized by performing the aforementioned predetermined image processing to these 
exposure density data, obtaining processed exposure density data, changing these processed 
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exposure density data into processed concentration data based on the aforementioned 
characteristic curve, and obtaining processed color picture data, 

[0007]- Here, "the characteristic curve showing the relation between concentration and exposure 
density" says the thing of a characteristic curve which specifically expresses a relation with the 
amount of coloring coloring matter produced according to the exposure density and the grade of 
exposure in a photograph sensitized material. In addition, the detail is indicated by "color 
photography optics" (the Ohm-Sha Ltd. publication office, Hideo Kusaka editorial supervision). 
Moreover, color picture data are obtained not only a photograph sensitized material such but by 
picturizing a photographic subject image with a digital still camera. The characteristic curve in 
this case is searched for as follows. First, a gray step wedge is photoed with a digital still camera 
under the standard light source. Under the present circumstances, visual concentration of each 
patch in a wedge is set to Dvi (i= 1, 2 and 3, — n). Moreover, a standard white board is photoed 
simultaneously with this, and this visual concentration is set to Dvs. And the difference of a 
standard white board and the visual concentration of each patch is made into exposure density 
EDi (i= 1 , 3 [ 2 and 3 ], — n), and this is considered to be the horizontal axis of a characteristic 
curve. Subsequently, the output signal value (Ri, Gi, Bi) (i= 1, 2 and 3, — n) over each gray step 
wedge of a digital still camera is calculated, and the vertical axis of a characteristic curve is set 
as this, the signal value of the digital still camera in this case — a logarithm — especially 
although there is no guarantee which is a dimension, it is not a problem Thus, it asks for the 
correspondence relation of the calculated signal value, and let this be a characteristic curve. 
[0008] Moreover, it sets to the image-processing method by this invention. You may use the 
characteristic curve showing the relation of the exposure density and concentration which have 
the same spectral distribution as the lighting light at the time of acquiring the picture expressed 
by the aforementioned color picture data as the aforementioned characteristic curve. Moreover, 
when it is color picture data with which the aforementioned color picture data were obtained in 
photograph process, you may make it use the characteristic curve which expresses the relation 
of the exposure density and concentration in the aforementioned photograph process as the 
aforementioned characteristic curve. 

[0009] Furthermore, in the image-processing method by this invention, it is desirable to perform 
the aforementioned color emphasis processing based on the following formula. 
[0010] 
[Equation 5] 



(Ro) 


f 


Go 






\ 



^12 ^13 ^J4 \ 



•23 



a 



33 



Gi 
Bi 

\1/ 



ffi.L> Ri, Gi. Bi:^;t-iI)S^— ^ 

Ro, Go, Bo : mm.mu^m^y'- ^ 

[001 1] Moreover, based on the following formula, you may perform the aforementioned color 

emphasis processing. 

[0012] 

[Equation 6] • 
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[0013] In the image processing system which performs the predetermined image processing 
which the image processing system by this invention is for enforcing the image-processing 
method by the above-mentioned this invention, and includes color emphasis processing to color 
picture data An exposure density conversion means to change the concentration data of each 
color in the aforementioned color picture data into exposure density data based on the 
characteristic curve showing the relation between concentration and exposure density, An 
image-processing means to perform the aforementioned predetermined image processing to 
these exposure density data, and to obtain processed exposure density data. It is characterized 
by having an exposure density inverse transformation means to change these processed 
exposure density data into processed concentration data based on the aforementioned 
characteristic curve, and to obtain processed color picture data. 

[0014] Moreover, it sets to the image processing system by this invention. You may use the 
characteristic curve showing the relation of the exposure density and concentration which have 
the same spectral distribution as the lighting light at the time of acquiring the picture expressed 
by the aforementioned color picture data as the aforementioned characteristic curve. Moreover, 
when it is color picture data with which the aforementioned color picture data were obtained in 
photograph process, you may make it use the characteristic curve which expresses the relation 
of the exposure density and concentration in the aforementioned photograph process as the 
aforementioned characteristic curve. 

[0015] Furthermore, in the image processing system by this invention, it is desirable to carry out 
like the image-processing method by this invention based on two formulas which mentioned 
color emphasis processing above. 
[0016] 

[Effect of the Invention] According to the image-processing method and equipment by this 
invention, after changing the concentration data of each color in color picture data into exposure 
density data, image processings, such as color emphasis processing mentioned above to this 
exposure density data, are performed. Here, in color picture data, although a gray and a bird 
clapper do not have the concentration completely even if each concentration data of RGB is 
equal, if each data of RGB is equal in exposure density data, it will become a gray completely. 
Therefore, although there is a possibility that a gray cannot be saved before and after an 
operation, consequently the bad picture of an impression with bad gray balance may arise when 
image processings, such as color emphasis processing, are performed to concentration data, in 
the case of exposure density data, a gray can be saved before and after an image processing by 
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giving easy conditions like matrix operation expression mentioned above. Therefore, the picture 
after an image processing turns into a good picture which maintained gray balance. A 
characteristic curve has a property used as the shape of S characters and reverse serpentine, 
producmg the concentration which cannot exist actually of it, in order that an output 
(concentration) value may take only the actual range (between the highest concentration and the 
least concentration of a sensitized material) to arbitrary input (exposure density) values is lost, 
and it becomes unnecessary moreover, to perform concentration-control processing of clipping 
processing etc. thereby. Consequently, it is lost a jump of the color mentioned above and that it 
is crushed or ****** and others arises, and the good picture of color-reproduction nature can 
be acquired. 
[0017] 

[Embodiments of the Invention] With reference to a drawing, the operation form of this invention 
is explained below. 

[0018] Dra w ing 1 is the block diagram showing the composition of the image processing system 
by the operation form of this invention. As shown in drawin&^^ , the image processing system by 
the operation form of this invention A concentration conversion means 1 to change image data S 
showing a color picture into the concentration data D of each RGB with reference to LUT6, An 
exposure density conversion means 2 to change the concentration data D into the exposure 
density data ED with reference to LUT7, An image-processing means 3 to perform the image 
processing which includes color emphasis processing so that it may mention later to the 
exposure density data ED. and to obtain processed exposure density data ED', It consists of an 
exposure density inverse transformation means 4 to change processed exposure density data 
ED* into processed concentration data D' with reference to LUT7, and a concentration inverse 
transformation means 5 to change processed concentration data D* into processed image data S' 
with reference to LUT6. 

[0019] In addition, although the concentration data D and the exposure density data ED consist 
of three data of RGB in this operation form, since it is simple, one data shall express. 
[0020] LUT6 is a 1 -dimensional look-up table for changing image data S into the concentration 
data D, specifically, measures the RGB concentration of a gray step wedge with a concentration 
meter, and is created by matching the reading of a scanner, and the measured value by the 
concentration meter while reading a gray step wedge with a scanner. And the concentration 
conversion means 1 changes image data S into the concentration data D with reference to this 
LUT6, and the concentration inverse transformation means 5 changes processed concentration 
data D' into processed image data S' with reference to LUT6. 

[0021] LUT7 is a 1 -dimensional look-up table for making it correspond to the characteristic 
curve of the sensitive material at the time of photoing the above-mentioned color picture in 
photograph process, and changing concentration into exposure density. The example of the 
characteristic curve for every color of RGB is shown in drawin^^^ . In drawing 2 . exposure 
density ED and the vertical axis of a horizontal axis are concentration Density, and Db. Dg, and 
Dr are the concentration of R, G, and B, respectively. As this characteristic curve, like this 
operation form, the color picture itself besides the characteristic curve of sensitive material may 
be the thing of the material by which exposure development was carried out. and as long as a 
characteristic curve is similar, you may use the thing of other materials. Moreover when the 
print picture of a negative paper system is made into a color picture, in order to reproduce a 
picture using the characteristic curve for printing as concentration the characteristic curve for 
changing the exposure quantity of light into the concentration of a negative film, and the light 
which penetrated the negative film on sensitive material, you may use only the characteristic 
curve which prints with the concentration at the time of printing on the characteristic curve or 
sensitive material which compounded these two characteristic curves, and expresses a relation 
with concentration. Moreover, although image data S was obtained by the digital still camera, a 
case should just use the characteristic curve showing the relation of the exposure density and 
concentration which have the same spectral distribution as the lighting light at the time of 
obtaining image data S. And the exposure density conversion means 2 changes the 
concentration data D into the exposure density data ED with reference to this LUT7, and the 
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exposure density inverse transformation means 4 changes processed exposure density data ED' 
into processed concentration data D' with reference to LUT7. 

[0022]* The image-processing means 3 performs an image processing by performing the 
sharpness emphasis processing for emphasizing sharpness by the color emphasis processing for 
raising saturation, and spatial frequency filtering to the exposure density data ED obtained in the 
exposure density conversion means 2 according to a matrix operation, or a convolution. 
[0023] Here, in image data S, although a gray and a bird clapper do not have the concentration 
completely even if each concentration data D of RGB is equal, if each data of RGB is equal, in 
the exposure density data ED, it will become a gray completely. Therefore, although there is a 
possibility that the concentration which cannot save a gray before and after an operation, 
consequently cannot exist actually may arise when color emphasis processing is performed to 
the concentration data D, in the case of the exposure density data ED, a gray can be saved 
before and after an image processing by giving easy conditions. Thus, the conditions of the 
matrix operation for saving a gray in color emphasis processing are shown in the following 
formula (1). 
[0024] 
[Equation 7] 
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[0025] In addition, as shown in the following formula (2) in this case, the matrix operation 
included to the term of the square of exposure density can also be performed. 
[0026] 
[Equation 8] 
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[0027] Subsequently, operation of this operation form is explained. 

[0028J First, image data S obtained in photograph process etc. is changed into the concentration 
data D of eacK RGB with reference to LUT6 in the concentration conversion means 1 . The 
concentration data D are changed into the exposure density data ED with reference to LUT7 as 
shown in .d£awm^ in the exposure density conversion means 2. Image processings, such as 
color emphasis processing based on the formula (1) or formula (2) which mentioned the exposure 
density data ED above in the image-processing means 3, and sharpness emphasis processing, 
are performed. Here, since it will become a gray completely in the exposure density data ED if 
each data of RGB is equal as mentioned above, a gray can be saved before and after an image 
processing by giving easy conditions like a formula (1) or a formula (2). 

[0029] Processed exposure density data ED' obtained by performing an image processing in the 
image-processing means 3 is changed into processed concentration data D' with reference to 
LUT7 in the exposure density inverse transformation means 4, and processed concentration data 
D' is further changed into processed image data S' with reference to LUT6 in the concentration 
inverse transformation means 5. Processed image data S* is reproduced as a visible image in a 
print or CRT. 

[0030] Thus, in this operation form, the concentration data D are changed into the exposure 
density data ED, and in order to perform the image processing which includes color emphasis 
processing to this exposure density data ED. a gray will be saved before and after an image 
processing. Therefore, a possibility that a possibility that the concentration which cannot exist 
actually may arise like [ at the time of performing image processings, such as color emphasis 
processing, to the concentration data D ], and the bad picture of gray balance may arise 
disappears. Thereby, it becomes unnecessary to perform concentration-control processing of 
clipping processing etc., and a jump of a color and the good picture of the color-reproduction 
nature which it is crushed, or there is no ****** and others, and maintained gray balance can be 
acquired. 

[0031] In addition, in the above-mentioned operation form, when there is a thing exceeding the 
range of the maximum of the characteristic curve shown in the concentration data D at drawin g 
2 or the minimum value, it is desirable to carry out the data compression of the concentration 
data D so that it may fit in the range of maximum and the minimum value. 
[0032] Moreover, although it sets in the above-mentioned operation form and image data S is 
changed and transformed inversely to the concentration data D of RGB by the concentration 
conversion means 1 and the concentration inverse transformation means 5, especially when 
image data S inputted into the image processing system by this operation form is already the 
concentration data D, it is not necessary to establish the concentration conversion means 1 and 
the concentration inverse transformation means 5. 

[0033] Subsequently, the concrete example of this invention is explained. 

[0034] First, reversal film PROVIA100 by Fuji Photo Film Co., Ltd. The picturized picture is read 
with a scanner (SGI 000 by the great Japan screen company) with a gray step wedge. 
Subsequently, the RGB concentration of the above-mentioned gray step wedge is measured with 
a Xrite concentration meter, and the 1 -dimensional look-up table (LUT6) which matches the 
relation between the reading of the above-mentioned scanner and the concentration value by 
the concentration meter is created. On the other hand, the sample of the above-mentioned 
reversal film which gave sensitometry exposure of a gray is measured with a Xrite concentration 
meter, and the 1 -dimensional look-up table (LUT7) which matches the relation between 
exposure density and concentration is created so that the highest concentration and the least 
concentration of sensitive material may be reproduced. And image data is changed into the 
concentration data of RGB by LUT6, and concentration data are changed into exposure density 
data by LUT7. And the following formula (3) performs the color conversion matrix operation of 
gray preservation to this exposure density data. 
[0035] 
[Equation 9] 
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[0036] Subsequently, processed exposure density data are changed into processed 
concentration data by LUT7, and processed concentration data are further changed into 
processed image data by LUT6. And it is Management Graphics about this processed image data. 
It is the above-mentioned reversal film PROVIA100 at shrine film recorder Solitaire16D. It 
outputted. 

[0037] In addition, it is the above-mentioned reversal film PROVIA100 by the above-mentioned 
film recorder Solitaire16D about the processed image data obtained by performing a color 
conversion matrix operation as concentration data were shown in the following formula (4) as an 
example of comparison by the matrix which has the same coefficient as the above-mentioned 
formula (3). It outputted. 
[0038] 

[Equation 10] 
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Db' 



Dg 
Db 



-0.167 1.334 -0.167 
-0.167 -0.167 1.334 
{Bb. Dr,Dg,Db:R,G,B^n^nffiaS5"— 47 

Dr', Dg', Db': R, G, M^igjg J"—^ 

[0039] According to the above-mentioned example, the picture in which after an image 
processing has the photograph-like natural color-reproduction quality of image by which 
gradation was reproduced in the high saturation portion was acquired. Those [ ten ] who are 
engaged in picture quality evaluation estimated the color tone reproduction of the high saturation 
portion in the picture acquired by the picture and the example of comparison which were 
acquired according to the above-mentioned example. The tone reproduction of the high 
saturation portion according the tone reproduction of the high saturation portion of the original 
low saturation picture (subject-copy image) to ten points (highest) and the example of 
comparison was made into zero point (minimum), and the tone reproduction of the high 
saturation picture acquired by this example was evaluated in 1 1 stages. The average mark of an 
evaluation result was able to turn into 2.4 points, and was able to check the clear effect. 
[0040] On the other hand, it is the gray patch (22 stages) of the Macbeth chart CIE1976L* a* b* 
Based on the colorimetry value defined by the color space, the colorimetry of the light source 
was carried out using the high color rendering fluorescent lamp (F8) defined by J1SZ8719, and it 
asked for change of a tint by the following evaluation formulas (5). 
[0041] 

deltaEab=(deltaa*) (2+(deltab*) 2) 1/2 deltaa*=deltaa1*-deltaa2* (5) 

deltab*=deltab1*-deltab2* however LI*, al*. and b1* : Colorimetry value L2* of the picture 
before processing, a2*, and b2* : the colorimetry value of the picture after processing — 
consequently By the conventional technique, it was checked that it is set to deltaEab=8.5. it is 
set to deltaEab=2.7 in this example, and the stability of a gray is also guaranteed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages* caused' by the use of this translation. 

1. This" document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The block diagram showing the composition of the image processing system by the 
operation gestalt of this invention 

[ Drawin g 2] Drawing showing the characteristic curve showing the relation between exposure 
density and concentration 
[Description of Notations] 

1 Concentration Conversion Means 

2 Exposure Density Conversion Means 

3 Image-Processing Means 

4 Exposure Density Inverse Transformation Means 

5 Concentration Inverse Transformation Means 
6,7 LUT 
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